The aim of this study was to determine the effects of probiotics on T cell subsets induction in the intestine of broiler chicks. Day-old male broiler chicks were fed with or without probiotics consisting of Streptococcus faecalis, Clostridium buthricum, Bacillus mesentericus (probiotics group and control group, respectively). Cryostat sections of their ileum, cecum and rectum at day 0, 7 and 14 of feeding were immunostained for CD4, CD8 and TCRγδ, and the frequencies of positive cells in the mucosal tissue were analyzed. The CD4+, CD8+, TCRγδ+ T cells were localized in the lamina propria of intestinal mucosa in all birds. At day 7 and 14, CD8+ T cells were localized also in the mucosal epithelium of all segments in the probiotics group and of cecum in control group, and TCRγδ+ T cells were observed in the mucosal epithelium of all birds. The frequencies of CD4+, CD8+, TCRγδ+ T cells were increased with age from day 0 to day 14 in both control and probiotics groups. The frequency of CD8+ T cells was significantly greater in probiotics group than control group in the ileum and rectum (P＜0.05) and the cecum (P＜0.01) at day 7. There were no significant differences in the frequency of CD4+ and TCRγδ+ T cells between control and probiotics groups in all intestinal segments at day 7 and 14. The ratio of CD8+/CD4+ T cells was greater than 1.0 in all tissues. The ratio in the ileum at day 7 was significantly greater in the probiotics group than control group (P＜0.05). These results further suggest that probiotics cause an influx of the CD8+ T cells into the intestinal mucosa, which may enhance the intestinal immunity by CD8+ T cells in young chicks.
Introduction
The lymphoid tissues in the intestinal tract are well developed, and it forms a first line of defense against harmful antigens that enter the body during feeding (Casteleyn et al., 2010) . Since the ban on growth-promoting anti-biotics, efficiency of probiotics that may stimulate the intestinal immune system is expected (Haghighi et al., 2008; Casteleyn et al., 2010) . Recent reports showed that probiotics reduced intestinal colonization by Salmonella and Campylobacter bacteria (Haghighi et al., 2008; Ghareeb et al., 2012) . Probiotic bacteria did not cause significant changes in the intestinal macrophages population (Higgins et al., 2007) ; however, they upregulated the oxidative burst and degranulation of heterophils (Farnell et al., 2006) . Haghighi et al. (2005 Haghighi et al. ( , 2006 ) also suggested that probiotics-treatment induced natural antibodies in unimmunized chickens, and enhanced antibody response to antigens. It is also reported in chickens that probiotics affected the expression of cytokines such as IL-12 and IFN-γ by intestinal cells and density of IL-6 expressing cells in the intestinal mucosa (Haghighi et al., 2008; Yoshimura et al., 2010) . Thus, probiotics feedings are likely to affect the immune functions in the intestine.
T cells play primary roles in the early process of cellular immunoresponse; namely, CD4+ helper/inducer T cells stimulate phagocytosis of macrophages and antibody production by B cells, whereas CD8+ cytotoxic T cells kill the infected cells. Although the function of T cells expressing TCRγδ has not been fully established, they may have significant roles in the intestinal mucosal immune-system since they appear frequently in the intestinal mucosa (Chen et al., 1994) . Noujaim et al. (2008) reported that population of CD3+, CD4+ and CD8+ T cells were increased in the duodenum, jejunum and cecum by feeding with 3 different lactobacillus spp. or cecal microflora. It is necessary to know the common effects of different probiotics on immune functions for the development of probiotics use. The aim of this study was to examine the effects of probiotics consisting of Streptococcus faecalis, Clostridium buthricum, Bacillus mesentericus on the induction of T cell subsets in the lower segments of intestine (the ileum, cecum and rectum) of broiler chicks.
Materials and Methods

Treatment of Birds and Tissue Collection
Day-old male broiler chicks (Chunky broilers) were purchased from a local hatchery (Fukuda Poultry, Okayama, Japan). They were divided into two groups, namely control group (given only commercial starter diet, Nihon Nosan Kogyo Co. Ltd., Yokohama, Japan) and probiotics group. Probiotics used in this study was Toaraze for chickens (Toa Pharmaceutical Co., Ltd., Tokyo) that contained Streptococcus faecalis (＞1×10 8 /g), Clostridium buthricum (＞1× 10 7 /g) and Bacillus mesentericus (＞1×10 7 /g). The chicks of probiotics group were given commercial starter diet with 0.2% (w/w) probiotics that was a recommended dosage by the supplier (Toa Pharmaceutical Co., Ltd.). Chicks were maintained in a room at a lighting schedule of 23 h lighting: 1 h dark for the first 7 days, and 20 h lighting: 4 h dark from day 8 to day 14. The birds were reared under ad libitum access to feed and water. At day 0 (before feeding), 7 and 14, the chicks were euthanized with carbon dioxide and the intestines of both control and probiotics groups were collected (n＝5 for each group and on each day). The intestinal luminal contents were washed out using 20% (w/v) saccharide solution. Then the ileum, cecum and rectum were embedded in Tissue Tek OCT compound (Sakura Finetek, Tokyo, Japan) and snap-frozen in a mixture of isopentane and solid carbon dioxide for preparation of cryostat sections. A part of these tissues were also fixed with 10% (v/v) formalin in phosphate buffered saline (PBS) for preparation of paraffin sections and stained by hematoxylin and eosin. Birds were handled in accordance with the regulation of Hiroshima University Animal Research Committee.
Immunostaining for T Cell Subsets
Cryostat sections (15 μm in thickness) of the ileum, cecum and rectum were air-dried on slides treated with 3-aminopropyl-triethoxysilane. The sections were fixed with cold acetone and methanol on ice for 30 min each. They were washed with PBS for 15 min (5 min×three times) and incubated with 1% goat serum for 15 min to block nonspecific binding of antibodies. Sections were then incubated overnight with mouse monoclonal antibodies to chicken CD4 (Santa Cruz Biotech., Inc, Santa Cruz, CA, USA), chicken CD8 (Santa Cruz Biotech., Inc), chicken TCRγδ (Southern Biotech, Birmingham, AL, USA) diluted in PBS at a concentration of 1:100, followed by washing with PBS for 15 min (5 min×three times). The immunoreactions of the first antibody on the sections were detected using Vecta Stain ABC kit (Vector Lab., Burlingame, CA, USA) according to the manufacturer's instructions. Briefly, the sections were incubated with the biotinylated anti-mouse IgG and with avidin-biotin-peroxidase complex for 1 h each. Finally, immunoreaction products were visualized by incubating the section with a mixture of 0.02% (w/v) diaminobenzidine (Sigma, St. Louis, MO) and 0.001% H 2 O 2 (v/v) in 0.05 M Tris-HCl (pH 7.6). The sections were dehydrated and covered.
Observations and Image Analysis for T Cell Frequencies
Sections were examined under a light microscope with a Nomarsky filter (Nikon Eclipse E400, Tokyo, Japan). The numbers of CD4+, CD8+, and TCRγδ+ T cells in the mucosal tissue (in 2×10 5 −8×10 5 μm 2 area of mucosal epithelium plus lamina propria) were analysed using an image analysis software (NIS-Elements, Nikon, Tokyo, Japan). The counting was performed at 3 different parts in one tissue, whereas the lymphoid follicles were not included for counting. The average number of cells in 1×10
5 μm 2 was calculated and expressed as the cell frequency in a tissue of a hen. The ratio of CD8+ T cells : CD4+T cells was also obtained to show the relationship between the frequency of cytotoxic and helper T cells. It was unable to count the cell number in the mucosal epithelium and lamina propria separately because the number of cells was small and their distribution was not uniform in the mucosal epithelium. Thus, their relative frequency in the mucosal epithelium was evaluated as ND (cells were not detectable), +/-(a few cells were observed), and + (moderate number of cells were observed).
Statistical Analysis
Differences in the frequency of CD4+, CD8+, and TCRγδ+ T cells between control and probiotics groups at day 7 and 14 were examined in each intestinal segment by t-test. Significance of differences in the frequency of each T cell subset among the different age within control or probiotics groups was analyzed by Tukey's test. Differences were considered significant when P value was ＜0.05. Figure 1 shows the immunoreactive CD4+, CD8+ and TCRγδ+ T cells in the ileum, cecum and rectum of the control and probiotics groups at day 7. They were localized in the lamina propria in all segments of both groups at day 7 (Fig. 1) , and also at day 0 and 14 (Data not shown). Table 1 summarizes the localization of T cells in the mucosal epithelium of the ileum, cecum and rectum. The CD4+ T cells were not observed in the epithelium of the three intestinal segments of both groups at any age. The CD8+ T cells were not found in the epithelium of any segments at day 0. They were localized in the epithelium of the ileum at day 7 and 14 in the probiotics group, but not in the control. In the epithelium of the cecum the CD8+ T cells were identified in both groups at day 7 and 14. The CD8+ T cells were localized in the epithelium of the rectum at day 7 and 14 in the probiotics group, but only at day 14 in the control. The TCRγδ+ T cells were localized in the epithelium of three intestinal segments at day 7 and 14, but not at day 0, and differences in their localization were not found between control and probiotic groups.
Results
No histological abnormalities and inflammatory features were observed in each intestinal tissue of both groups (Data not shown). Figure 2 shows the frequency of CD4+ T cells in the ileum, cecum and rectum of control and probiotics groups. Only a small number or no CD4+ T cells were found in each segment at day 0. Their frequency in ileum, cecum and rectum was significantly greater at day 7 and 14 in both control and probiotic groups (P＜0.05). The differences in their frequency between control and probiotic groups were not significant at day 7 and 14.
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The frequency of CD8+ T cells in the ileum, cecum and rectum treated with or without probiotics is shown in Fig. 3 .
The frequency of CD8+ T cells was 20-30 cells/ 1×10
5 μm 2 area in the three different intestinal segments at day 0. Their frequency was significantly increased at day 7, followed by a further increase at day 14 in each segment in control group. In the probiotics group, their frequency was markedly increased from day 0 to day 7, whereas the differences between day 7 and day 14 were not significant in all segments. The differences in their frequency between control and probiotic groups were significant in the ileum and cecum (P＜0.05) and the rectum at day 7 (P＜0.01). Figure 4 shows the frequency of TCRγδ+ T cells in the ileum, cecum and rectum treated with or without probiotics. The frequency of TCRγδ+ T cells was increased with age from day 0 to day 14 in all segments of both control and probiotics groups. There was no significant difference between control and probiotics groups in each segment at day 7 and 14.
The ratio of CD8+/CD4+ T cells in the three intestinal segments treated with or without probiotics is shown in Fig.  5 . The ratio was greater than 1.0 in all tissues, suggesting that the density of CD8+ T cells is more than that of CD4+ T cells. The ratio in the ileum at day 7 was significantly greater in the probiotics group than control group (P＜0.05). 
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Discussion
We report that feeding of probiotics consisting of Streptococcus faecalis, Clostridium buthricum, and Bacillus mesentericus affected the T cell frequencies in the intestinal mucosa of broiler chicks. Major results were that (1) the frequencies of CD4+, CD8+ and TCRγδ+ T cells were increased in the ileum, cecum and rectum with age from day 0 to day 14, and (2) the frequency of CD8+ T cells in the three intestinal segments was greater in the probiotics group than control group at day 7, although it became to a same level between the two groups at day 14. Lillehoj and Chung (1992) reported that the population of chick jejunum intraepithelial CD8+ T cells increased gradually until 4-6 weeks of age. Our results on the CD8+ T cell frequencies and localization of them in the mucosal epithelium (Table 1) also showed an increasing tendency of them in the mucosa with age during 14 days of post-hatching. The current study also showed that the frequency of CD4+ and TCRγδ+ T cells were increased with age until 14 day of age (Figs. 2 and 4) . Thus, the T cell subsets population in the intestinal mucosa seems to be developed during the early Huang et al.: Probiotics and Intestinal T Cells 5 μm 2 area in the lamina propria and mucosal epithelium (n＝5 each).
a-c, x-y Values with different letters are significantly different among different age within control or probiotics group (P＜0.05).
* and ** Values are significantly different between control and probiotics groups (P＜0.05, P＜0.01, respectively). phase of post-hatching. Noujaim et al. (2008) reported that treatment of chicks with Lactobacillus spp. resulted into a greater quantity of CD4+ T cells at day 12, and of CD8+ T cells at day 8 and 12. In the current study, frequency of CD8+ T cells, but not CD4+ T cells, was greater in the three different intestinal segments of probiotics group compared to control group. The relative density of intraepithelial CD8+ T cells was also higher in the probiotics group compared to control. When TCRγδ+ T cells migrate into the intestine, most of them express CD8, although their functions are still unknown (Dunon et al., 1993; Chen et al., 1994) . In mouse, the localization of TCRγδ+ T cells in the intestinal epithelium was not affected by normal microbial colonization (Bandeira et al., 1990 ). In the current study also, the frequency of TCRγδ+ T cells in the mucosa and localization in the mucosal epithelium were not different between probiotics group and control group. Thus, increase of CD8+ T cell frequency by probiotics at day 7 may not be due to the increase of TCRγδ+ T cells.
A significant increase in the frequency of CD8+ T cells, but not CD4+ T cells, in response to probiotics consisting of Streptococcus faecalis, Clostridium buthricum, and Bacillus mesentericus was found at day 7 in this study. Yurong et al. (2005) examined the effects of probiotics consisting of Bacillus subtilis, Candida utilis and Lactobacillus acidophilus on the antibody synthesis and population of T cell. In their examination, T cells were identified by acid α-naphthyl acetate esterase staining. They showed a higher content of IgA in the intestinal fluid, greater frequencies of IgA-forming cells in the duodenum and T cells in the cecum tonsil at day 7 of treatment. Noujaim et al. (2008) also showed a greater quantity of CD3+, CD4+ and CD8+ T cells in the intestine of chicks after 8 to 12 days of treatment with Lactobacillus spp. Thus, it is likely that many of probiotic bacteria cause an increase in the density of T cells, especially CD8+ T cells, in the intestinal mucosa of the chicks. Also, such effects of probiotics in the chicks are likely to appear around 7 days after treatment as observed in the current study and by Yurong et al. (2005) and Noujaim et al. (2008) . Although the mechanism by which CD8+ T cells population was enhanced by probiotics in the current study remains unknown, we assume that probiotics might induce some chemokine-or cytokine-like factors affect CD8+ T cells to lead to redistribution of CD8+ T cells from lymphoid tissue to the intestinal mucosa. Such factors may affect CD8+ T cells more effectively than CD4+ T cells because CD4+ T cell population was not increased in the intestinal mucosa in the probiotics group.
Very young chicks are susceptible to many pathogens during the first few weeks of age because their immune system is not fully developed; hence, maternal antibodies are the primary means of antigen-specific protection (Hamal et al., 2006) . After hatching, IgM-secreting cells were detectable in the spleen by 3 days of age, whereas IgG-and IgA-secreting cells were first noted at 6 days. Adult levels of Igsecreting cells of all three classes were attained by 31 days of age (Lawrence et al., 1981) . Mast and Goddeeris (1999) , who immunized chicks with bovine serum albumen (BSA) at late embryonic stage, 1, 7 or 12 days of posthatching, reported that BSA-specific IgM and IgG were high in the chicks immunized on 12 days of age. The current study together with other works showed that different probiotics enhanced the formation of pool of CD8+ T cells in the intestinal mucosa. It may have a benefit for the intestinal defense system against invasive pathogens at early phase of posthatching when mucosal immune function is undergoing development. Probably CD8+ cytotoxic T cells play roles in the defense for colonization of Salmonella bacteria because their number in the cecum together with the numbers of granulocytes and TCR1+ cells and mRNA expression for cytokines was elevated in correlation with the invasiveness of the bacteria in the lamina propria (Berndt et al., 2007) . The elevation of CD8+ T cells density by probiotics treatment may be one of the reasons why probiotics reduced intestinal colonization by Salmonella bacteria (Haghighi et al., 2008) .
In conclusion, it was shown that probiotics consisting of Streptococcus faecalis, Clostridium buthricum, and Bacillus mesentericus caused a significant influx in the CD8+ T cells. Thus, we further suggest that the probiotics have the enhancive effects on the intestinal immunity by CD8+ cytotoxic T cells to protect young chicks from infections.
